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[TITLE OF THE INVENTION] 

METAL DENTURE BASE FOR DENTAL APPLICATIONS 

[ABSTRACT] 

[OBJECT] In is an object of the present invention to provide a metal denture base 
for dental applications, which is inexpensive, excellent in adaptability, and high in 
intensity. 

[CONSTITUTION] A metal denture base having the foregoing advantages can be 
obtained by forming a metal denture base for dental applications from an amorphous 
alloy having a supercooled liquid region, because a heating up to a predetermined 
temperature and a highly-accurate supetplastic forming can be performed. 
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[CLAIMS] 

[Claim 1] A metal demure base for dental applications, comprising an 
amorphous alloy having a supercooled liquid region. 

[Claim 2] The metal denture base for dental applications according to Claim 1, 
wherein the supercooled liquid region is 20K or more. 

[Claim 3] The metal denture base for dental applications according to Claim 1 or 
2 4 wherein an amorphous alloy is contained at a ratio of 30% or more. 
[Claim 4] The metal denture base for dental applications according to any one of 
Claims 1 to 3, which comprises an amorphous alloy having the following composition: 

General Formula: Xa-Yb-Mc 

where 

X represents one or more metals selected from the group consisting of Zi; Ti, 
H£ Mg, and rare earth metals; 

Y represents one or more metals selected from the group consisting of Al, Zr, 
H£ Ti, and rare earth metals; 

M represents one or more metals selected from the group consisting of 
transition metals such as Fe, Co,Ni, and Cu; and 

a ^ 3 0 to SO, b = 5 to 20, and c = 0 to 60, 
[Claim S] The metal denture base for dental applications according to Claim 4, 
which comprises an amorphous alloy having a composition selected from the group 
consisting o£ 

ZTfia-AljrCos-NiT-Cuw; 

Zr«rAli5-C05-Nii5-Cu5; 
Zr*s-Al7j-Cu27j; 
Zrjj-Alzp-CoM; 
Zrra-Alu-Feis; and 
Zra-Altf-Nfes. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

imil> OF THE INVENTION] 

The present invention relates to an improvement in metal denture bases for 
dental applications, which can be widely used not only for ordinary partial dentures and 
complete dentures but also for bridge dentures. 

[0002] 

[PRIOR AST AND PROBLEMS THEREOF] 
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As a denture base used for a partial denture or a complete denture, a denture 
base made of acrylic resin has been frequently used, because it can be readily 
manufactured and adjusted in accordance with a palate or an alveolar ridge of a patient 
However, since the denture base made of acrylic resin easily fractures and has a 
considerable thickness, a patient may have an unpleasant feeling. In addition, there 
arises a problem that taste of food may be changed by unpolymerized monomers. 
Further, the denture base made of acrylic resin incurs a volume reduction of 
approximately 10%, thus forcedly requiring subsequent adjustments by a dentist about 
ten limes. Therefore, the denture base made of acrylic resin is not clinically 
satisfactory 

[0003] 

For redressing these disadvantages, there have been proposed a denture base 
made of polysulfone resin and a denture base mode of cobalt-chrome alloy, gold alloy, 
and palladium alloy The former denture base made of polysulfone resin certainly has 
improved intensity as compared with the conventional ones made of acrylic resin, but 
nevertheless it basically fails to completely solve the problems involved in denture 
bases made of resin. The latter denture base made of metal can secure intensity and 
thinness, but it is manufactured by a so-called investment casting method and therefore 
requires complicated steps and procedure. Thus* a denture base in itself becomes high 
in cost, and, in addition* involves a serious problem that a dimensional accuracy 
disorders due to its contraction caused in cooling and solidification of a heated molten 
metal. 

[0004] 

In recent years, the above-mentioned cobalt-chrome alloy and the like are 
replaced with titanium or titanium alloy, because the titanium or titanium alloy has no 
virulence, does no harm to living bodies, and is chemically stable. However; the 
titanium is a very active metal under a high temperature, and easily coupled with 
oxygen and nitrogen, to considerably spoil original properties of titanium Therefore, 
in its casting method, differently from the denture base made of cobalt-chrome alloy 
etc,, an investment and a crucible has to be made of a special material of magnesia, 
caltia, or nrconia system that never react with titanium. In addition, since the casting 
has to be performed under vacuum or aigon gas substituted atmosphere, a large-sized 
device of high cost is required. Further, since a contraction caused when a molten 
metal heated to 1700 degrees C is cooled and solidified is still unignorable, the denture 
base often fails to fit to a palate or an alveolar ridge of a patient. 

[0005j 
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Thus, a denture base formed by titanium-pressing, in place of the denture base 
formed by such a complicated and expensive titanium-casting, is now attracting 
attention. This titanium pressing method utilizes a superplastic phenomenon of 
H-6A1-4VELI alloy. In this method, used is a flat plate of titanium alloy having a 
thickness of 0.5 mm and an initial crystal grain size of approximately 4 ^ and a model 
of jaw is formed from a fireproof and rigid molding material for exclusive use. Then, 
a press-working is performed for half an hour to one hour under a high-temperature 
argon gas atmosphere of 850 degrees C, to thereby manufacture a denture base. 

[0006] 

(PROBLEMS TO HE SOLVED BY THE INVENTION) 

In this method, however, a fireproof and pressure-proof molding material 
having high intensity is required for its exclusive use. and the press-working has to be 
performed under an inert gas atmosphere in order to avoid deterioration in reaction at 
high temperatures. In addition, a material mu$t be so adjusted as to have a crystal 
grain size suitable for a superplastic forming, and there is a serious problem of ill 
adaptability to a patient Further, when artificial teeth are arranged on the denture base 
obtained by the titanium-pressing and fixed thereto by means of i^in-polymerization, a 
contraction of the resin may cause a deformation of the denture base. 

[0007] 

(MEANS TO SOLVE THE PROBLEMS] 

In view of the above, it is an object of the present invention to provide a metal 
denture base for dental applications, comprising an amorphous alloy having a 
supercooled liquid region, A metal denture base of the present invention adopts an 
amorphous alloy doing no harm to Irving bodies and having a supercooled liquid region 
that is chemically stable even within a mouth, Therefore* a heating up to a 
predetermined temperature and a highly-accurate superplastic forming can be performed 
through a simpler process than the conventional titanium-pressing process. As a result, 
there can be obtained for the first time a metal denture base which is inexpensive, 
excellent in adaptability, and high in intensity. 

[0008] 

In particular, when an amorphous alloy having as wide a supercooled liquid 
region as 20 K or more is adopted or when an amorphous alloy is contained at a ratio of 
30% or more, a superplastic phenomenon can be obtained with a relatively small force 
within a predetermined temperature range, which is incommensurable with a 
superpiasucity of the aforementioned TL>6A1-4VELI alloy. More specifically, the 
T1-6A1-4VELI alloy exhibits a superplasticity of 1000% at 850 degrees C, while the 
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present invention exhibits a superplasticity of approximately 800% at 443 K (170 
degrees C) and approximately 15000% at 473 K (200 degrees Q without causing any 
fracture. 

[0009] 

As a specific example, there can be mentioned an amorphous alloy having the 
following composition: General Formula: Xa-Yb-Mc, where X represents one or more 
metals selected from the group consisting of Zr, Ti, H£ Mg, and rare earth metals; Y 
represents one or more metals selected from the group consisting ofAl, Zr, Hf, n, and 
rare earth metals; M represents one or more metals selected from the group consisting of 
transition metals such as Fe, Co.Ni, and Cu; and a - 30 to 80, b = 5to20, and c = 0to 
60. Thus, since Zr, Ti, and Hf, etc., which serve as fundamental elements, hardly do 
harm or virulence to living bodies, they are best suited for a metal denture base that is 
always worn within a mouth. The M elements Fe, Co, Ni, and Cu coexist with the 
dements Zr, Ti, and Hf and improve an amorphous formabilhy 

[0010] 

Further preferable representative examples among these include (1) 
Zro-Alw-Coa-NirCuis; (2) Zr^-Alw-Cos-Nuj-Cu,; (3) Zra-A^-Cibrs; (4) 
2r,j-Al2o-Co2o; (5) Zr^AIis-Feis; and (6) Zr«rAljs-Ki2j. 

[0011] 

[EXAMPLES] 

The present invention will hereinafter be described through specific examples. 
First, as shown in FIG. 1, a mother ahoy 1 having each of the aforementioned (1) to (6) 
compositions was put in a quartz nozzle 2. The quartz nozzle 2 was formed, at Hs tip 
end, with a small hole 2a having a diameter of 1.0 to 2.0 mm. The quartz nozzle 2 was 
then subjected to an induction heating under a vacuum pressure, for dissolution of the 
mother alloy. Then, the quartz nozzle 2 was moved down and applied .with a pressure 
of argon gas, so that a mohen metal was spouted from the small hole 2a out into a 
copper die 3 and rapidly cooled down at a cooling rate of 10 4 to 10 7 K/s, to thereby 
obtain a bulk material 4 having a size of 3.0 x 50 mm which served as a specimen. 
The mother alloy 1 was prepared by dissolving a sponge-like Zr metal within an arc 
furnace for degassing of the Zr metal and men put other elements into the furnace for 
dissolution thereof. 

[0012] 

In order to determine whether the bulk material 4 became an amorphous alloy, 
the bulk material 4 was subjected to a structure diffraction using an X-ray difiractometer. 
As a result, as shown in FIG. 2, an air-cooled bulk material 4 sharply exhibited a 
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presence of Zr, whereas a bulk material 4 having the alloy composition of (3) exhibited 
no clear peak within a region corresponding to a Ka-ray of Zr. B is preferabl that this 
amorphous alloy has an amorphous a Uo y ratio of 30% or more. 
[0013J 

Next, the amorphous alloys having the respective alloy compositions were 
subjected to differential scanning calorimetxy (DSC curve) in order to examine their 
thermal properties. As a result, as shown in FIG. 3, the respective alloy compositions 
largely differed from each other in glass transition temperature Tg and crystallization 
temperature Tx. A maximum value of a supercooled liquid region ATx (Tx-Tg) was 
56 K in case of (5) that included Fe, 69 K in case of (4) that included Co, 77 K in case 
of (6) that included Ni, and 88 K in case of (3) that included Cu. This revealed that the 
amorphous alloy having the alloy composition of (3) including Cu exhibited the widest 
supercooled liquid region ATx, which was determined by Tg and Tx existing in as low a 
temperature region as 630 to 710 K. 

[0014] 

FIG, 4 shows a constrhitbnal ratio of the three elements and a 
composition-dependency of the supercooled liquid region ATx with respect to the 
amorphous alloy having the alloy composition of (3) including Cu, which was the best 
one of the above-mentioned DSC curves. As clearly seen from FIG. 4, it was 59 to 
T7Zr, 5 to 13A1, and 25 to 32Cu. Jn particular, the alloy composition of (3), i.e., 
Zrw-Alrj-CunA exhibited the widest supercooled liquid region ATx of 80 K. Tte 
alloy compositions of (1) and (2) exhibited 100 K and 90 K, respectively, though their 
illustrations are omitted herein. 

[0015] 

FIG. 5 shows stress-strain curves of the amorphous alloy having the alloy 
composition of (3) with respect to a temperature change around Tg immediately before 
the supercooled liquid region ATx. It can be seen that, at the point of A which exceeds 
Tg = 630K, strain is caused by very small stress. This indicates a superplastic 
phenomenon obtained In the supercooled liquid region ATx. In addition, revealed was 
that a deformation started with a relatively small stress even at 550 K and 590 K 
immediately before Tg, and thereafter me stress moderated so that the deformation 
progressed intermittently. 

[0016] 

The amorphous alloys having the alloy compositions of (l) and (2) that 
substitute Co, Ni, and Cu for 0137.3 were also subjected to the same differential scanning 
calorimetry (DSC curve) and examined for its relationship to a stress-strain curve and a 
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temperature, with substantially the same result obtained. 
[0017] 

Further, in a region of the room temperature and body temperature (37 degrees 
C), the amorphous alloys having the alloy compositions of (1) and (2) had a Ylckers 
hardness of Hv 450 and a tensile strength of 1400 MPa, and the amorphous alloy having 
the alloy composition of (3) had a V,ckers hardness of Hv 400 and a tensile strength of 
1200 MPa. These are higher intensities than the currently used cobalt-chrome alloys 
and tetra-metallie alloys which have a Vickers hardness around Hv 300 and a tensile 
"trength of 700 to 900 MPa, and than pure titanium and titanium alloys such as 
Ti-6AMVEU Accordingly, even if a demure base is repeatedly attached and 
detached in a mouth of a patient over a long period, the denture base surfers from a little 
deformation or damage. 

[0018] 

Next, there will be described a specific example of a method for mamiracturing 
a denture base using the amorphous alloy having the above-described properties. First, 
as shown in FIG. 6, a molten metal is spouted from a small hole 2a of a nozzle 2 into 
between a pair of copper rolls 5 mat is rotating, to thereby obtain an amorphous alloy 
plate 6 (of approximately 10 cm) having a thickness of 0.5 mm. The thickness of the 
plate may be, though depending on purposes, 0.3 to 0.7 mm. 

[0019] 

A complete denture, which Is used when no tooth is left, can be manufactured 
' relatively easily. However, a partial denture, which is attached based on a footing of 
plural remaining teeth, has a complicated configuration as a matter of course and has to 
comprise a holding means such as clasps. Thus, a description of a method for 
manufacturing a denture base for partial dentures includes that for complete dentures, 
and therefore the method for manufacturing a denture base for partial dentures is 
described herein for convenience' sake. 
[0020] 

First, a dentist takes an impression of an entire jaw of a patient in accordance 
with a conventional method, and gypsum is poured into this impression, to prepare a 
working modeL In case of forming a denture base through the Maruum-pressing that is 
a prior art closest to the present invention, the gypsum must be very rigid and 
heat-resistant and moreover there is required a preliminary arrangement of, e.g., filling 
up an undercut in a gum portion under remaining teeth, etc. Unlike the 
utaimim-pressed demure base, the amorphous alloy of the present invention requires 
neither special working model nor special processing on the model, because the 



8 



-•*.».. ream, w *r raiera (unexamined) Laid-open No. 8. 1 31461 



amorphous alloy of the present invention, as its chamcteristicB, develops a superplastic 
phen racoon far beyond common knowledge and this phenomenon arises within a range 
from about the glass transition temperature Tg to the crystallization temperature Tx (that 
is usually 300 to 400 degrees C). 
[0021] 

For example, a working model 10 (of upper jaw) of FIG 7 having remaining 
teeth lacks fifth and sixth right teeth and sixth and seventh left teeth. A flame design is 
firstly performed on the working model 10 using a pencil. More specifically, a 
connecting portion 11, denture base portions 12, clasps 13, and retainers 14 are designed 
■men, an outline groove 15, which serves as a measure of a trimming, is formed in the 
working model 10 using a semper, etc. When there is an undercut in a gum portion 
under the remaining teeth, the undercut can arbitrarily be Med with working gypsum. 

[0022] 

Subsequently, as shown in FIG. 8A, the working model 10 is put into a heating 
fomace 21, and the aforementioned amorphous alloy plate 6 of 0.5 mm thickness is set 
thereon in a hermetic-sealing manner. Then, the heating furnace 21 has a top cover 22 
put thereon, and is locked. A temperature in the heating furnace 21 is gradually 
increased. When the temperature reaches 300 degrees C, an exhaustion 23 is carried 
out at a lower part and a pressure application 24 is carried out at an upper part. In this 
case, differently from the conventional titanium-pressed denture base, an argon-gas 
pressure application under a non-oxidLdng atmosphere is not required. The 
temperature in the heating furnace 21 is forther increased and maintained at 350 degrees 
C. In this condition, the pressure application 24 and the exhaustion 23 are performed, 
so that the amorphous alloy plate 6 adheres onto the working model 10 in approximately 
five minutes, as shown in FIG. SB. 
[0023] 

The working model 10, together with the amorphous alloy plate 6, is then 
cooled down and taken out In this case, the amorphous alloy plate 6 sticks to the 
undercut portions under the remaining teeth, to result in difficulty of separation 
Therefore, the working model 10 must be broken. However, this raises no problem 
because the working model 10 can be prepared in multiple, if necessary. In addition, 
the working model 10 can be removed more easily as compared with the conventional 
very rigid and heat-resistant model. 

[0024] 

Then, performed i s a trimming along the above-described groove 15 formed on 
the working model 10. That is, the whole is roughly trimmed, and subsequently a 
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piercbg of an alveolar ridge, on which artificial teeth are to be mounted, is performed, 
so that the clasps and the retainers are cut out. This rough trimming is performed 
using a fretsaw, eta. and the cutting out can satisfactorily performed using general tools 
for dental mechanics, such as a grinding stone or a cemented carbide cutter with a abaft. 
Besides, the amorphous alloy of the present invention has a tensile strength of 1200 to 
1400 MPa at an ordinary temperature, as already stated. Accordingly, it is best suited 
particularly for a partial denture that requires a spring characteristics such as clasps or 
retainers, etc, 
[0025] 

Thus, afterward, the whole is polish-finished in accordance with a conventional 
method, and artificial teeth are mounted using a self-curing resin and the like. The 
resultant thing is attached within a mouth ofa patient to examine its adaptability. This 
is because an incomplete adaptation causes inflammation or ulcer at a portion in strong 
contact therewith. 

[00261 

In this case, the conventional tfouriTim-pressed denture base requires a heat 
treatment up to approximately 900 degrees C for its reform for adaptation, to thereby 
cause an unignorable inaccuracy due to thermal contraction. In addition, when the 
self-curing resin for mounting the artificial teeth is curing, a stress arises, and this stress 
induces a deformation of the denture base. Therefore, such titaniutn-pressed denture 
base and cobah-chrome-made denture base, etc.. are difficult to reform in accordance 
with dry structures ofa mouth or remaining teeth of a patient Thus, a metal base layer 
of 0.3 mm thickness and a resin base layer of 0.3 mm thickness are laminated so that a 
portion of the resin in contact with the dry structure may be out off or reinforced. 
However, this method is still for apart from original advantages ofa metal denture, Le, 
being thin and strong. Further, for a complete adaptation, a patient needs to see a 
dentist three to ten times to adjust the denture base by individually checking adaptation 
from the professional viewpoint ofa dentist over a certain long period 

[0027] 

Contrastingly, the denture base made of the amorphous alloy of the present 
invention can be reformed for adaptation very easily using, for example, a heating tool 
such as a soldering iron. More specifically, a soldering iron heated to approximately 
300 degrees C is pressed against a portion which is, according to a complaint ofa 
patient, in contact with the dry structure, and thereby this portion can be recessed easily. 
A hyglemcaUy undesirable portion having a clearance can be deformed into a 
protruding shape by being pressed by the soldering iron from its backside. Thus, in 
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any vent, the denture base of the present invention has a large advantag that it can be 
reformed through a very simple process as compared with the adaptation and reform 
process for the conventional denture base. 
[0028] 

It is necessary, in accordance with purposes, that the soldering iron used in this 
adaptation and reform process has its front end rounded suitably for pressing, and has a 
function of controlling a temperature. It is preferable that the soldering iron comprises 
an auxiliary means which, based on a product of temperature and time, rings a buzzer in 
a short time in case of high temperature and in a long time in case of low temperature. 
Further, in the present invention, a sandwiching-type tool such as tweezers or pliers can 
also be used for adjusting a spring pressure of the clasps and the retainers 

[0029] 

Next, a denture base for a bridge denture will be described. When one or 
some teeth are lost, the bridge denture makes up for die lost portion by using the 
remaining teeth adjacent thereto as a support footing. In this case, when a denture base 
itself is manufactured by a casting method, a contraction occurs and dimensional 
accuracy disorders. 

[0030] 

Thus, in manuftcturing a denture base for the bridge denture as well, the 
amorphous alloy of the present invention can be used, to provide the same advantages 
as those of the denture base for me previously-descrihed denture. More specifically, 
although a specific illustration is omitted, cap-shaped crowns corresponding to adjacent 
two teeth to serve as a support footing are maintained within a terrroenrture range from 
the glass transition temperature Tg to the crystallization temperature Tx and, in this 
wndraon, are molded by being pressed onto a working model by means of a' heating 
iron. Then, a denture bridge corresponding to the lost teeth is connected between these 
crowns, and whole of it is given a form of a teeth profile. As a result, in this case as 
well, there can be obtained a denture base which is inexpensive, excellent in adaptability, 
and high in intensity. An implant-type attachment, eta. can be used in order to' 
connect the crowns serving as the denture base and the denture bridge corresponding to 
the lost teeth to each other. 

[0031] 

[EFFECT OF THE INVENTION] 

As described above, since the denture base of the present invention is made of 
the amorphous alloy having the supercooled liquid region, the denture base has 
excellent characteristics of doing no harm to living bodies and being chemically stable 
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even within a mouth. Moreover, a heating up to 3 predetermined temperature and a 
highly^accurate superplastic forming can be performed through a simpler process than 
the conventional titanium-pressing process. A3 a result, there can be obtained for the 
first time a metal denture base which is inexpensive, excellent in adaptability, and high 
in intensity. In addition, a process for reforming and adapting the denture base 
becomes pretty convenient as compared with the conventional ones, because the process 
can easdy be performed by heating up to a predetermined temperature and applying 
only a relatively small force thereto. 

[BREF DESCRIPTION OF THE DRAWINGS] 

tna ij 

FIG. 1 is an explanatory view stowing a method for manufacturing a bulk 
material serving as a specimen. 
tFIG.2] 

HG. 2 is an explanatory view showing results of djfl&actions by an X-ray 
difiractometer. 

[HG. 3] 

FIG 3 is an explanatory view showing results of differential scanning 
calorimetry. 

[no. 4] 

HQ 4 is an explanatory view showing a constitutional ratio of three elements 
and a composition-dependency of a supercooled liquid region. 
[HG.5J 

FIG. 5 is an explanatory view showing stress-strain curves as plotted against 
variation in temperature. 
[FIG.6] 

FIG 6 is an explanatory view showing a method for mmufacturing an 
amorphous alloy plate. 
[FIG. 7] 

FIG. 7 is an explanatory view showing an example of a working model 
[FIG. 8] 

FIGS, 8(A) and 8(B) are explanatory views showing a step of forming a 
denture base from an amorphous alloy plate using a working model. 
[EXPLANATION OF REFERENCE NUMERALS] 
6 amorphous alloy plate 
10 working model 
21 heating furnace 
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[FIG. 3] 
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